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THE PRESENT POSITION OF THE NEBULAR a 
HYPOTHESIS. 


By J. H. JEANS.* 


AMONG scientific speculations, the Nebular Hypothesis 
holds, and for over a century has held, a unique position. 
It is unique in its absorbing interest and in its world-wide 
fame—these are mere commonplaces. It is unique also in the 
remarkable longevity of its speculative aspects. Put forward 
in 1755 by Kant, and again independently in 1796 by Laplace, 
it is still in 1918, in the opinion of most astronomers, a specu- 
lation which has been neither proved nor disproved. Such 
a length of life, although it would be small for the speculations 
of metaphysics, is almost unparalleled in natural science. The 
fundamental reason for this great length of life will perhaps 
be found in the extreme difficulty of obtaining either obser- 
vational or theoretical tests of the truth of the hypothesis. 

In the more definite form in which it was left by Laplace, 
the hypothesis dealt only with the genesis of the solar system, 
and the origin of the systems of planets and satellites com- 
posing it. A hot nebulous mass of gas is supposed to be flat- 


* From “Scientia,” October, 1918. 
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tened in shape as a result of rotation, and to shrink continually 
as it cools. In accordance with the principle of conservation 
of angular momentum the diminution in size must be accom- 
panied by a continual increase in the velocity of rotation. 
When the rotation has reached a certain speed, centrifugal 
force will, according to Laplace, outweigh the gravitational 
attraction of the mass at its equator, and the result is sup- 
posed to be that a ring of matter is thrown off from the 
equator. Thus, if we accept Laplace’s beliefs, the primitive 
nebula becomes in time surrounded by a system of rings some- 
what similar to the rings of Saturn, and these finally agglom- 
erate into planets. As the shrinkage still continues, the same 
sequence of events occurs to these planets, so that we finally 
find them surrounded by satellites. 

Such a hypothesis aumits of being tested in two ways, by 
observation and by mathematical research. Laplace may per- 
haps have hoped that the telescopes of the future would reveal 
numerous systems of stars in different stages of evolution, 
so that the life history of such systems could be deduced. And 
the Nebular Hypothesis might be considered proved with suffi- 
cient rigour, if we found in the sky systems in the various 
stages described by Laplace, ending up with a great number 
of systems similar to our own. So far from this being the 
case, observational astronomy has so far failed to discover a 
single other stellar system which is in the least degree similar 
to our solar system, or which seems in the remotest degree 
likely to develop into such a system. This may perhaps be due 
to the limitations of our instruments, but the fact remains; 
the attempt to test the theory observationally leads at the best 
to a closed door. 

There are no such limitations to the possibility of testing 
the theory by mathematical research. The properties of a gas 
are well known; the dynamics of rotation are fully understood. 
The mathematician may accordingly be asked to discover what 
sequence of configurations would be assumed by a mass of 
rotating gas, shrinking gradually as it cooled. It is a fair 
problem to propound to him. If he cannot solve it his excuse 
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cannot be the limitations of the power of telescopes; it can only 
be the limitations of the human mind. And yet, so intricate is 
the problem that, in spite of its extreme interest and funda- 
mental importance, it still remains only partially solved. 

We can understand some of the intricacies of the problem 
by considering a much simpler terrestrial problem. The sur- 
face of the ocean, as we know, is approximately spheroidal in 
shape. The vertical at any point is determined by the direc- 
tion of the resultant of two forces—centrifugal force arising 
from the earth’s rotation, and gravity arising from the joint 
attraction of the earth and sea. And the surface of the sea 
is determined by the condition that this resultant shall act 
perpendicularly to the surface at every point. 

Fortunately for the geodesists, the earth and sea form to- 
gether a nearly spherical mass, and there is no difficulty in 
writing down the gravitational attraction of a nearly spheri- 
cal mass. But in the cosmogonic problem, the matter stands 
very differently. The rotating mass of gas is of unknown 
shape, and the variation of density are unknown; clearly the 
difficulty of calculating the gravitational attraction will be 
very great. 

Naturally enough, then, the first attempts to solve this prob- 
lem were limited to a simplified ideal problem, in which the 
simplest conditions were assumed; the real astronomical mat- 
ter was supposed replaced by homogeneous and incompressi- 
ble matter so that all complications arising from variations of 
density were avoided. Even this simplified problem has taxed 
the skill of some of the most eminent mathematicians—among 
those who have worked at it may be mentioned Maclaurin, 
Jacobi, Lord Kelvin, Poincaré and Sir G. Darwin. After 
much labour, the sequence of events in a rotating mass which 
shrinks while remaining always homogeneous is fairly well 
established. When the mass is of low density so that its rota- 
tion is slow, its shape differs from a sphere only in being 
slightly flattened or orange-shaped; it is an oblate spheroid of 
small eccentricity. As shrinkage proceeds and the speed of 
rotation increases the flattening increases in amount, but the 
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figure retains an exact spheroidal shape until a stage is 
reached at which the axes have a ratio of about 7:12:12. At 
this stage the somewhat disc-like figure which has been 
reached exhibits a.tendency to crumple up about one of its 
equatorial diameters. It is accordingly found that further 
shrinkage leads, not to a still more flattened spheroidal figure, 
but to an ellipsoidal figure. The ellipsoid has its two longer 
axes equal at first, but as shrinkage proceeds the ellipsoid 
becomes more and more elongated until a somewhat cigar- 
shaped figure is reached having its axes in the ratio 614:8:19. 
A tendency now appears for a furrow to form near, but not 
actually across, the middle of this cigar-shaped ellipsoid. The 
ellipsoid, deformed by such a furrow forms the celebrated 
pear-shaped figure of equilibrium, of which the existence was 
first demonstrated by Poincaré, and which has been the sub- 
ject of elaborate mathematical research by Poincaré, Darwin, 
Liapounoff and others. It has now been established that these 
pear-shaped figures are unstable; the sequence of events when 
once the pear-shaped figure is attained appears to be that the 
furrow forms rapidly and deepens until the rotating mass 
finally divides into two detached portions. It appears fairly 
certain that these masses, although unequal, would approxi- 
mate to equality in size, but this has not been rigorously 
proved. 

This fission into two detached masses is of course not the 
end of the story. Each body into which the original mass has 
divided is itself a shrinking and rotating mass; the sequence 
of events already described may be expected to repeat itself. 
This last chapter of the story has been sketched out by Prof. 
H. N. Russell. In brief Russell has shewn that the larger of 
the two masses must break up first, and that the distance apart 
of the last pair formed will be small compared with that be- 
tween this pair and the companion-star. 

The importance of this is as follows. In the sky there are 
thousands of binary and multiple stars—Jonckheere’s recent 
catalogue alone contains 3,950. In most cases the telescope 
reveals merely two stars revolving about one another. In 
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about one case in ten, the star, when examined under a tele- 
scope of sufficient resolving power, proves to be a triple system. 
And Russell finds, as the result of a statistical discussion, that 
those triple systems in which the separation is not above a 
certain limit (about 1,000 years proper-motion) shew just 
those characteristics which his theoretical investigation 
shewed to be necessary in a system which has broken up under 
increasing rotation. 

Thus Russell’s investigation leaves little room for doubt 
that the ordinary binary and multiple systems found in the 
sky have been formed by the action of rotation on a continu- 
ally shrinking mass. But the whole mechanism of breaking 
up is, as we have seen, very different from that imagined by 
Laplace, and the final product is, if possible, still more differ- 
ent. Of all the multiples and binary systems known, not one 
shews any resemblance to the solar system. 

It will not, however, have been forgotten that Laplace postu- 
lated a primeaval nebula of extreme tenuity and of the com- 
pressibility of a gas, whereas the mathematical investigations 
we have been considering have assumed the matter under 
discussion to be absolutely incompressible and homogeneous. 
Clearly we are not yet in a position to pronounce against the 
Nebular Hypothesis. There is a possibility, and indeed even 
a probability, that the sequence of events in a tenuous com- 
pressible mass will be very different from that in a perfectly 
incompressible mass. We have, so to speak, discussed so far 
only what happens to a rotating mass of water; to test the 
nebular hypothesis we must examine the behaviour of a ro- 
tating mass of gas. 

One feature which is essentially present in a mass of gas or 
other compressible matter in equilibrium under its own gravi- 
tation is not reproduced at all in the incompressible mass-— 
namely, the increase of density towards the centre. The exact 
law of increase is naturally a subject for mathematical discus- 
sion; it is found to depend on the temperature gradient and 
this in turn will depend on the origin and past history of the 
mass. The complete problem here presented is so complex 
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as to be quite beyond the reach of mathematical analysis al 
present. Only approximate solutions are available. 

As far back as 1855, Roche discussed the extreme limiting 
case of matter so compressible that practically the whole mass 
may be supposed concentrated close to the centre of gravity, 
the outlying parts forming merely an “atmosphere” of density 
negligible in comparison with that of the central region. For 
the mathematician this simplified problem has one great at- 
traction; whether the mass is rotating or at rest, the gravita- 
tional force from the whole mass is the same as that from a 
heavy particle situated at the centre, and this can be written 
down at once. It accordingly becomes a simple matter to 
investigate what figures will be assumed by the boundary of 
the “atmosphere” as it shrinks and the rotation increases. 
With slow rotation, it is found that the boundary will be a 
spheroid, just as for a mass of incompressible matter. With 
increasing rotation the spheroidal form is departed from and 
a lens-shaped figure takes its place. Roche found that when 
a certain critical velocity is reached this lens-shaped figure 
develops a perfectly sharp edge round its equator, the figure 
of the boundary being at this stage very approximately that 
of a symmetrical double convex lens of thickness equal to two- 
thirds of its diameter. This critical velocity having once been 
attained, any further increase of velocity produced by further 
shrinkage does not result in a further change of shape; it re- 
sults in matter being ejected from the periphery of the lens, 
while the lens retains its shape but of course with diminishing 
size. This is almost precisely the course of events predicted 
by Laplace. 

But is Roche’s artificial model likely to represent faithfully 
the events in an actual mass of gas? For in an actual mass the 
central condensation is of course nothing like so pronounced 
as that imagined by Roche. Indeed in this respect an actual 
mass of gas will hold an intermediate position between the 
model of Roche in which the central condensation is extreme, 
and the incompressible model studied by Poincaré, Darwin, 
etc., in which there is no central condensation. We might 
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reasonably expect its behaviour also to be intermediate be- 
tween that of the two models, but this proves not to be the 
case. 


Some mathematical investigations I have recently under- 


taken indicate that the model of Roche will give an extraor- 
dinarily accurate representation of the behaviour of actual 
gas so long as the density of this gas is lw—roughly speaking, 
less than about a quarter of that of water. But at a critical 
density of about a quarter of that of water, a sharp and sud- 
den change occurs, and for densities higher than this, the mo- 
tion of a rotating gas approximates very closely to that of an 
incompressible mass. 

There is general agreement among astronomers that in the 
general trend of evolution, matter increases in density. In its 
youth astronomical matter is of low density; in old age, it is 
of high density. Thus young masses of matter in rotation will 
break up in the way pictured by Laplace; old matter will break 
up in the manner shewn to us by Darwin and Poincaré. 

We have already discovered visual evidence of the reality 
of the latter method of break-up in the systems of binary and 
triple stars observed in the sky. And these, as they ought to 
be, are old matter in our sense of the term: their density 
generally speaking, is above a quarter of that of water. 
Doubtless, as Russell and Shapley have shewn, there are 
double stars of densities much less than this, but they are 
somewhat exceptional. Campbell’s investigations on spectro- 
scopic binaries suggest that stars begin, as a general rule, to 
break up just about when they attain to what we are calling 
old age—when their density is about roughly a quarter of 
that of water. 

But now what about the break up of the younger matter, 
which ought to follow the programme of Laplace and Roche? 
Can we anywhere find visual proof of the reality of this other 
method of break-up? Can we, in other words, find in the sky 
any evidence of rotating masses of gas or other cosmical 
matter, these being of low density, of lenticular shape, and 
throwing off matter from their equators as they rotate? In 
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the opinion of the writer, the sky is full of just such masses; 
they are the spiral nebulae. 

By many the spiral nebulae are thought of as a pair of arms 
without a body, but for the moment we must fix our attention 
on the body or nucleus which is invariably present. Is it lenti- 
cular in shape? Does it rotate about its axis of symmetry? 
Does it throw off matter from its periphery? To each of 
these questions recent observations gives an affirmative 
answer. 

Are the nuclei lenticular in shape? The shape can of 
course only be studied by catching in the telescope nebulae 
which are seen almost or quite edgewise-on. Of such nebulae 
the best-known in the nebula in Coma Berenices (H. v. 24), 
and the nucleus, although not very clearly defined, is readily 
seen to be lenticular in shape. Five more satisfactory nebulae 
appear edgewise on in the recent fine collection of photographs 
published by Pease from Mount Wilson.—Their N. G. C. num- 
bers are 3115, 4216, 4594, 5746, 5866, and in each case the 
nucleus is seen, with more or less clearness, to be lenticular in 
shape. 

Do these nebulae rotate about their axes of symmetry? 
Nothing was known as to the rotation of nebulae before 1914, 
in which year Slipher announced the rotation of the nebula in 
Virgo, N. G. C. 4594 already mentioned. Since then other 
nebulae have been found to be in rotation, always about their 
axes of symmetry. The spectroscopic discovery of rotation 
is an operation of very extreme delicacy and difficulty, all the 
more so as the spiral nebulae give mainly continuous spectra. 
For this reason the number of known cases of nebular rota- 
tion is small, but there is no reason to doubt that it is a general 
law that the nuclei of nebulae are in rotation about their axes 
of symmetry. Two of the best-known nebulae in the sky, the 
“whirlpool” in Canes Venatici (M. 51) and the nebula M. 101 
in Ursa Major have been found to be in rotation by the direct 
method of comparing photographs taken several years apart. 

Do these nebulae throw off matter from their peripheries? 
A moment’s reflection will shew how difficult it must neces- 
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sarily be to test this directly. That the motion in the spiral 
arms is from inside to outside is @ priori very probable on 
account of their extreme symmetry. Those cosmogonists who 
see in the spiral arms streams of stars dashing inwards to col- 
lision with one another can never have stopped to reflect how 
utterly improbable it is statistically that their streams of 
stars, encountering one another at random, should invariably 
be so similar in mass, density and velocity of motion as to 
produce always symmetrical formation. The almost com- 
plete symmetry of the spiral arms is probably the best proof 
we can ask for that the motion is from inside to outside. For 
the two nebulae M. 51 and M. 101 whose motion of rotation 
has been discovered by direct photography, it is of course 
possible to examine the direction of motion in the arms 
directly. In each case it is found to be outwards. Slipher has 
just announced that there is evidence of similar motion in the 
nebula in Cetus N. G. C. 1068. Thus there is every justifica- 
tion for interpreting the spiral arms as matter thrown off 
from the rotating nuclei. 

Laplace, followed also by Roche, expected the ejected mat- 
ter to form a ring. We have found reason to think that in 
point of fact it forms in nature two spiral arms. Laplace, 
however, did not consider what it would form in nature; he 
dealt with the mathematical abstraction of a mass of gas ro- 
tating in a universe empty except for itself. The real astro- 
nomical mass of gas rotates in a universe tenanted by other 
masses of gas similar to itself. In Laplace’s abstract problem 
all points on the periphery of the mass necessarily fared alike 
—there was, indeed, nothing to distinguish one from another. 
But under actual conditions two points on the periphery will 
differ in their nearness to, or distance from, other neighbour- 
ing masses. The lenticular figure, when once its sharp peri- 
phery is formed, is already in a critical state of equilibrium; 
centrifugal force around this periphery is just up to the 
maximum amount which the gravitational attraction of the 
mass can balance: only one straw more is required to break 
the camel’s back. And this last straw may be provided in 
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nature by the tidal forces, no matter how feeble these may 
be, from the rest of the universe. At two opposite points on 
the periphery these tidal forces will act so as exactly to rein- 
force centrifugal force against the attraction of the mass. At 
these two points earlier than at any others the balance will be 
upset; centrifugal force will outweigh gravity, and the break 
up of the mass will begin. Thus matter will be ejected, not in 
rings, but in filaments which will occur in pairs originating 
from antipodal points on the periphery. In all known spiral 
nebulae the arms start from two antipodal points. 

In all known nebulae the arms are entirely or approxi- 
mately symmetrical. On the foregoing view of the formation 
of the arms this fact finds a ready and natural explanation, 
the tidal forces from neighbouring masses being sufficiently 
represented mathematically by a second harmonic term which 
produces a fore-and-aft symmetry of the type we are familiar 
with in terrestrial tides. No other view of the genesis of the 
spiral arms seems to me to give a natural, or even a defensible, 
explanation of the symmetry of the two arms. 

No explanation of the arms can be regarded as fully satis- 
factory which does not explain their characteristic shape. 
This has been shewn by van Pahlen to be an equiangalar 
spiral. I have found that under very high viscosity the 
streamlines of the ejected matter would form equiangular 
spirals, but it has to be admitted that the degree of viscosity 
required appears to be greater than can be accounted for in 
terms of known physical factors. However we possibly are 
not familiar with all the physical factors at work in matter 
of such low density as the nebulae. The equiangular spiral is 
a curve which seems to occur very naturally in connection with 
matter ejected under centrifugal force—for instance, a sys- 
tem of beads running freely on the spokes of a bicycle wheel 
will describe equiangular spirals in space when the wheel is 
rotated with uniform velocity. The angle of such spirals is 
uniformly 45°, so that this principle, without modification, is 
not sufficient to explain fully the spiral paths of ejected nebu- 
lar matter. 
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Laplace imagined that his ring would in time become un- 
stable and break up into planets. Will our filaments of 
ejected matter become similarly unstable? Plainly the ques- 
tion is one for the mathematician to answer. The answer 
given is that the filaments will become unstable much in the 
way imagined by Laplace if they are on a sufficiently massive 
scale, but not otherwise. A filament in which the mass per 
unit length is small will simply diffuse away into space; its 
mass does not provide sufficient gravitational attraction for it 
to cohere together. Such a filament would not admit of astro- 
nomical observation at all. But a sufficiently substantial fila- 
ment, it can be shown, will become unstable through nuclei 
forming at approximately regular intervals, and the remain- 
ing matter will ultimately condense round these nuclei and 
form a chain of detached masses. It is accordingly signifi- 
cant that such nuclei appear in the arms of most spiral 
nebulae. 

The mathematician can calculate the distance apart of 
the nuclei which will be formed in any given filament, and 
so can deduce the amount of matter which will appear in each 
of the final detached masses. The calculation is interesting ; 
assume a reasonable value for the density of the primitive 
nebula and it appears that the separate bodies will be com- 
parable in mass, not with our planets or satellites, but with 
the sun itself. If, following Laplace, we identify the primae- 
val nebula with our sun spread out to include the orbit of 
Neptune, then it seems highly improbable that planets of the 
size of Mercury and Venus could have been formed from con- 
densations in such a nebula, and quite impossible that the 
asteroids and smaller satellites could have been so formed. In- 
deed, nebulae of mass as small as our sun could throw of mat- 
ter equatorially as imagined by Laplace, but this matter could 
hardly have condensed into arms at all. It is conjecturable 
that the “planetary” nebulae may be masses of this kind, but 
it is fairly certain that the spiral nebulae, at least as regards 
those which shew condensations in their arms, cannot be. 
Thus the process imagined by Laplace operate on a more 
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majestic scale than he conceived; the masses in question are 
the giant masses of the spiral nebulae, and the final products 
of disintegration are not systems of planets and satellites but 
streams of stars. 

To illustrate this we may consider the special case of the 
Ursa Major nebula M. 101. Van Maanen finds the period of 
rotation to be of the order of 85,000 years, whence it can be 
calculated that the density of the nucleus will be of the order 
of 4<10-"". The density in the arms will be less, perhaps 
10—"’, in which case condensations would form at distances 
of about 10'* kms. apart. The actual condensations in the 
arms of this nebula, unfortunately rather indistinct, may be 
estimated perhaps as being at an average distance of 5” apart. 
If so, we have a measuring rod with which to explore the 
nebula: 5”—10'* km. The distance of the nebula we at once 
find to be about 1500 parsecs or 5000 light-years; the mass is 
of the order of 10°* grammes, say equal to 5000 suns. This 
mass, then, is, under the influence of increasing rotation, 
breaking up into streams of stars. Each star is of mass com- 
parable with our sun, and the stars are generated at the rate 
of one every few hundred years. 

This illustration will have disclosed the scale of the picture 
which is opened up to us by following up the ideas of Laplace. 
In such nebulae as the Andromeda Nebula or the Ursa Major 
nebula M. 81 we may almost imagine that the whole picture is 
spread before us. In the centre of the picture, the rotating 
nucleus whose continual shrinkage has set the whole machin- 
ery into operation; at the boundary of this, the critical region 
at which centrifugal force and gravity are so evenly balanced 
that the slightest influence from outside may upset this bal- 
ance; at two opposite points on this boundary, the regions at 
which the balance is upset, conjecturally by tidal forces from 
other masses. From these two points, two streams of matter 
emerge: they are diffuse and gaseous at first, but gradually 
we see the condensations or nuclei appearing, and the final 
creation of streams of stars is not difficult to imagine. We 
can in imagination look at the same picture some millions of 
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years later. The stars have condensed about their nuclei and 
formed separate masses; we have no longer a nebula but a 
star-cluster. Some of the flatness of the original nebula may 
still remain but the cluster has approached towards a more 
globular form. The regularity of the motion of the streams 
of stars which originally formed the spiral arms will not have 
been obliterated entirely, so that the phenomenon of “star- 
streaming” may perhaps still be discernible. The individual 
stars will have shrunk to densities far greater than they had 
when they were first formed; with this shrinkage their rota- 
tion will have increased in many cases binary and triple sys- 
tems may have been formed. 

It must be admitted that a good deal of this is conjectural, 
perhaps visionary. But it must also be admitted that La- 
place’s fundamental ideas, when developed mathematically to 
their logical conclusions, shew a striking capacity for inter- 
preting many if not most of the formations observed in the 
sky. Perhaps it is vague clues rather than full explanations 
that have been yielded so far; the time for full explanations 
has not yet come, but the outlook is full of hope. The only for- 
mation which Laplace’s hypothesis now seems definitely un- 
able to explain is, paradoxically enough, just that particular 
one which it was specially created to explain, namely the solar 
system. Laplace’s intuition and his mathematical ideas were 
wonderfully accurate, but he was led into a faulty applica- 
tion of them. A final verdict cannot yet be pronounced—any 
attempt to do so would be dogmatism—but it may be that be- 
fore long the reasoned and considered verdict of astronomers 
will be that the hypothesis is at the same time a failure and a 
splendid success—a failure as regards the immediate purpose 
for which it was designed; splendid in having achieved a suc- 
cess greater than any that its author could possibly have 
dreamed of. 

CAMBRIDGE, TRINITY COLLEGE. 
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EYE AND EAR OBSERVATIONS. 
By OTTo KLOTZ. 


In 1885, systematic observations for latitude and longitude 
were begun by the Department of the Interior, Dominion 
Government. Old style instruments were used, the only ones 
available, so that for three years all the transit observations 
were made by the “eye and ear” method. The time-piece was 
a box chronometer beating half seconds, and the transit had 
five threads. 

The following table I, is a resumé of 67 sheets of all the 
transits at each station across the five threads, giving the 
full beat or the fractional part of a beat (half-second) at 
which the transit was recorded in pencil on the observation 
pad. 

For instance, at the first station, Seattle, altogether 170 
stars were observed during the campaign. Of the various 
transits across threads I noted 558 as coincident with a beat 
of the chronometer; 180 came midway between two beats; 49 
were estimated as occurring seven-tenths of a beat after the 
full beat, and so on. If no threads had been missed, then the 
sum of all the transits noted, given in the horizontal line, 
would be five times the number of stars; i.e., 850; as a matter 
of fact, it will be found there are only 809. 

It will be observed that in the progress of the work there is 
a gradual relative decrease in recording the full beat and an 
increase of the subdivisions of interval between the beats. 
This is brought out more clearly when we reduce the obser- 
vations for each station to the basis of one star, by dividing 
the figures of each line by the number of stars for the re- 
spective stations, as given in the next table II. 

The record and circumstances are probably unique and 
worthy of publication : 
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TABLE I. 
Number 
of Half-seconds. 
Stations. $tars. & @ 8 9 
170 588 . 17 1 180 ... 49 4 1 
Port Moody ......... 65 254 . 45 4 i 3 
Kamloops .. ........ 60 166 1 10 4. 87 1 29 3 ¢ 
Revelstoke .. ........ 17 292 1 58 14 = 
| See 64 226 1 20 47 17 2 
Winnipeg .. ........ 166 451 2 85 11 1 168 5 60 35 1 
J. 110 260 1 35 29 9 120 16 48 35 
Port Arthur ........ 1383 289 . 29 22 5 180 20 61 54 
75 162 1 14 16 80 10 33 31 3 
: | nono 980 2842 6 240 84 21 10387 53 331 175 6 


Grand Total of Observations of Transits across Threads, 4795. 


TABLE II. 
RELATIVE NUMBER OF TRANSITS OVER THE FIVE THREADS AT 


6.7 8 or of a beat per star. 


Half-Seconds 
Stations 0 1 2 3 4 5 6 a 8 9 
Seattle ........ 3.282 -100 -0059 1.059 .288 -0235 
Port Moody 3.908 -0154 -692 -0615 -0154 .0154 
Kamloops .... 2.767 -0167 .167 -0067 1.450 .0167 -483 -0167 
Revelstoke .. 3.792 -169 -0130 -753 182.091 
3.531 -0156 -313 -734 -266 -0313 
Calgary ...... 3.067 .267 .0167 1.200 .0167 .350 -0833 
Winnipeg . 2.717 -0120 512 .06€ -0060 1.012 -0301 -361 -211 .0060 
Wapella ...... 2.364 -0091 .318 -264 -082 1,091 -391 
Port Arthur 2.173 -218 -165 .0376 1.353 -150 -459 .406 
Kalmar ......... 2.160 -0133 -213 -0667 1.067 .133 -440 .0400 


REMARKS ON FINAL RESULTS. 


When in 1885 I was designated by the title astronomer, and 
given charge of the longitude and latitude work along the 
Railway Belt in British Columbia, my experience in obser- 
vational work had been confined to the use of surveying instru- 
ments in observations of the sun for azimuth, but far more on 
time stars in the vertical Polaris, and on Polaris for azi- 
muth. The transits were observed only over a single thread, 
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and the time piece was a sidereal pocket chronometer whose 
beats were 135 to the minute. The transit was recorded in 
terms of the beats by holding the watch to the ear while 
observing. 

When the Surveyor-General gave me my instructions it was 
something like a “Message to Garcia’”’—do it, ask no questions. 
I had never seen the instrumets, they were of the International 
Boundary Survey of 1872-74; had never observed over a num- 
ber of threads; had never made reduction of transits for time 
correction with its probable error, nor used the zenith tele- 
scope; nor deduced apparent star places; had never seen star 
catalogues except ephemerides. Everything, everything was 
new to me. However, I was determined to deliver the ‘“mes- 
sage.” Well I recollect how the perspiration ran down my 
face and neck while observing transits at Seattle, my first sta- 
tion. Picking up the beat of the chronometer; carrying it 
mentally forward while watching the transit; hurriedly jot- 
ting down the beat, still carrying on the counting, for to look 
at the chronometer would probably mean the loss of catching 
the transit of the next thread, was strenuous work. It may 
well be imagined that the first observations were nearly all 
supposed, or thought, to have taken place at a beat (half- 
second) of the chronometer, with an occasional transit be- 
lieved to be between the beats. With continued observations 
some composure was attained, and the transits were found to 
take place not only at the beats and midway, but at other 
divisions between the beats as shown on the two final sheets 
(tables), where a gradual reduction of recording the beat is 
shown, particularly in table II., where the observations at all 
the stations are reduced to a uniform basis of one star. 

The apparent anomaly of Port Moody and Kamloops, both 
of the year 1885, requires a word of explanation. Although 
the time is 33 years ago, the circumstances are very fresh in 
my memory. As the summer progressed, so did the smoke 
from the bush-fires that raged along the Pacific Coast for 
hundreds of miles. When I reached Port Moody the air was 
so dense with smoke that the opposite side of Burrard Inlet 
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—Port Moody being on the south side—was wholly invisible, 
and so were the stars at night. For days and days I mentally 
prayed for rain. At last, one night, in my tent I heard—drop 
—drop—drop. It rains. When I got up in the morning it 
was still raining, and my joy was great. It rained the next 
day, too, and the day following, and slowing the opposite 
shore became visible. The air seemed now fairly clear of 
smoke, and I begged the ran to stop, but little attention was 
paid to my request. However, occasionally a star would peep 
out and with difficulty I would snatch it. It is obvious that 
under these circumstances I was glad to get transits even at 
the beats or at best half-beats, as the records show. How- 
ever, when I subsequently got to Kamloops, in the interior of 
the country, beyond the mountains, in the more or less arid 
regions, the sky presented a wonderful difference. The as- 
tronomer was here in a perfect paradise. Scarcely was the 
sun down when all the stars from the horizon to the zenith 

lazed forth in brilliance and lustre. All seemed to be spe- 
cially polished so that observing was a perfect delight. There 
was no anxiety that the star wouldn’t appear in the field, or 
that if it did appear it would be obscured before all the 
threads were observed. Composed I sat at the eyepiece. The 
beats were slowly (apparently) running their course, and the 
mind could consequently move easily, yet unconsciously, sub- 
divide the time interval of the beats, and hence there would 
be recorded fewer transits just at the beat than had occurred 
at the preceding stations, especially when compared with Port 
Moody, as shown by the record. 

It will be noted that in the last year of observations by eye 
and ear, experience had brought the subdivisions of the half- 
second beats to estimating tenths thereof, i.e., to twentieths 
of a second. However, the outstanding ones in their order of 
frequency are the beat, the half-interval, and midway on each 
side between the half-interval and the preceding or succeed- 
ing beat. The tenth of the interval or twenteith of a second 
before and after the beat, and before and after the half-inter- 
val were not often estimated. 
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Just a word about the accuracy of eye and ear observations, 
less of the accuracy of the actually recorded times of transit 
over the individual five threads, as of the accuracy of the time 
determination deduced from the twenty stars which in those 
years constituted a complete time determination. A polar 
and 4 time stars were observed, say, clamp east, then again 
a polar and 4 time stars clamp west. The exchange by tele- 
graph of clock signals between the two observing stations 
would then take place, followed by similar observations clamp 
west, and clamp east. It may be observed that in the ex- 
change of clock signals, as we had no chronographs nor switch- 
boards at the time, the signals were sent by hand, repeating 
the beats of the chronometer and recording the same on a 
Morse telegraph register. To test the accuracy of the longi- 
tudes determined by the eye and ear method, one of the sta- 
tions was many years afterwards occupied by another ob- 
server supplied with the most modern outfit; Cooke transit 
with transit micrometer; chronometer with electric attach- 
ment, and chronograph; observing seven stars instead of five 
for one position of clamp, besides using more zenith stars and 
fewer equatorials than formerly. The longitude obtained 
agreed within a few hundredths of a second with that of the 
eye and ear method. This is gratifying, of course, yet we 
must remember that the theory of probabilities undoubtedly 
favors the eye and ear observer, that the chances of record- 
ing say the beat, it is just as likely that the entry is too soon 
as too late, and hence a good deal of evening up occurs in the 
final result. 

I recall, many years ago, an experienced observer at the 
Lick Observatory told me that he believed to be able to ob- 
serve by eye and ear just about as accurately as with the 
chronograph, and this seems to be borne out by the compari- 
son just cited. 

DOMINION ASTRONOMICAL OBSERVATORY, 
OTTAWA, CANADA. 
Oct. 15, 1918. 


MAGNETIC RESULTS, 1918. 


By G. BLANCHARD DODGE. 


URING the season of 1918 quite a number of magnetic 

repeat stations, founded chiefly by the Carnegie Institu- 
tion of Washington in 1906-7-8, were occupied for observations 
of declination, inclination and total force. These repeat ob- 
servations have enabled us to bring all our data up to date 
and compile a set of isomagnetic charts as follows: 

1. Lines of Equal Magnetic Declination and of Equal An- 
nual Change in Western Canada for 1917.0. 

2. Lines of Equal Magnetic Inclination in Western Canada 
for 1917.0 and of Equal Annual Change Between 1912.0 and 
1917.0. 

3. Lines of Equal Magnetic Horizontal Intensity in Western 
Canada for 1917.0 and of Equal Annual Change Between 
1912.0 and 1917.0. 

Below are given the results of observations where the three 
magnetic elements were measured during 1918, and a com- 
parison with preceding observations obtained at the same sta- 
tions. A large number of repeat stations (not given) were 
reoccupied for declination measurements only. 

All observations for Declination, Dip and Force have been 
reduced to International Magnetic Standard by direct com- 
parison at the beginning and end of the season with the mag- 
netic standards at the Magnetic Observatory, Agincourt, by 
courtesy of the Director of the Meteorological Service of Can- 
ada. The Declination observations have been reduced to 
mean-of-month by direct comparison with the continuous de- 
clination magnetograms of the Magnetic Observatory of 
Meanook, Alberta, supplied by the Director of the Meteor- 
ological Service of Canada. 
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G. Blanchard Dodge 


The observers were R. C. Purser, D.L.S., and E. S. Martin- 


dale, D.L.S. 


Station Lat. 


Ft. Alexander.. 50 36 
Lake Winnipeg 50 58 
West Selkirk.... 50 10 
Oak Point........ 50 30 
Stewart Lake.... 51 06 


Portage la Pr. 49 59 
MacGregor........ 49 58 
Carberry............ 49 53 
Brandon............... 49 52 
Dauphin.............. 51 09 
Griswold............ 49 47 
19 51 
The Pas ............. 53 50 
Swan River...... 52 07 
Kirkella ............ 50 02 
Wapella .... 50 16 
Broadview 50 23 
Arlington Bh... 51 14 
Moose Jaw ...... 50 25 


Swift Current... 50 16 
Gull Lake 
Cressfield 
Tunnel Mtn..... 
Sulphur Mtn_. 51 09 
Banff Park. 51 10 


Long. 


18 


Date 


July 
June 
July 


Sept. 


June 
July 
Oct. 


Sept. 


July 
Sep. 
Sep. 
July 
Oct. 
Oct. 
Sep. 


Sept. 


July 
Aug. 


June : 


May 
June 
July 
July 
July 
July 
July 


6 

6 
12-13 
17 

17 
17-18 
17 

20 
19-20 
28-30 


21-22 


¢ 


> 
or 
“oo 


21 03 
21 27 
24 54 
25 09 
26 00 
25 59 


26 00 


+) 


© 


a 


a 


aan 


.1080 
-1196 
.1363 
-1338 
1411 
.1368 
.1397 
.1469 
-1497 
.1499 
.1590 


-1579 


-6099 
-6119 
-6967 


a 
|| 
Decl. Dip. H F Observer 
96 10 58 51 0.6277 R.C.P. 
96 23 43 225 6264 
96 52 12 15 28 250 6252 ” 
9803 12 58 27 258 6282 “ 
98 04 44 223.6455 “ 
98 18 9 03 36 245 6295 
98 47 12 47 44 .1331 .6261 * 
99 22 15 15 41 .1334 6255 
99 59 14 39 38 .6259 
100 04 14 36 26 .1268 6329 ae 
100 29 mmm 42 20 .6277 “ 
100 56 24 16 21 17 .1370 6219 
101 15 3-10 05 6275 
; 101 16 1-2 06 .6328 “ ; 
101 22 25-26 20 
102 34 26 38 
103 01 7 57 
105 12 25 6265 E.S.M. 
105 32 23 59 6201 
107 48 5-6 14 6173 
108 30 7-8 02 6193 ” 
114 01 17-18 30 “ 
$ 114 07 16 46 “ 
115 34 24 56 
4 115 34 25 55 — “ 
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ADDITIONAL OBSERVATIONS OF 50 DRACONIS. 
By W. E. HARPER. 


The orbit of this star (a=18" 50" 6=+75° 20’) was deter- 
mined from plates made in 1914 and published in this JouRNAL. 
Additional observations have since been made with the object of 
improving the period which was determined from one season’s 
observations and which was given as 4.12 days. 28 additional 
plates secured since then taken in conjunction with the previous 
ones yield a smaller value for the period, otherwise the elements 
are not markedly different. They are: 


P =4.1175 days 

e = .012+.009 

K, =79.12 km+ 0.97 km 

K.= 83.90 km+0.97 km 

y =—8.79 km+0.49 km 

wo = 107°6-° +8°.9 

w = 287°6 +8°.9 

T J.D. 2,420,293.519+ .102 


a, sin i =4,480,000 km 
a sin i =4,750,600 km 
m, sin? i =0.95 sun 
me sin’ i =0.90 sun 
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THREE NEW SPECTROSCOPIC BINARIES. 
By W. E. HARPER. 


In the course of the work here a number of miscellaneous 
radial velocities have been secured which will appear in a 
forthcoming publication. From it is summarized the data re- 
garding these three stars. 


BOSS 839. 


a=3" 36" 6=+33° 39’ Mag. 5.0 Type B2. 

The measures on the 7 plates secured here are sufficiently 
reliable to show that the star has a variable radial velocity. 
The range obtained is about 40 km. A line of unknown origin 
whose wave-length was assumed as 4070.118 is quite sharp on 
some of the plates. 


BOSS 947. 


a=4" 01" 6=+47° 27’ Mag. 4.0 Type B3. 


This spectrum has been described by Frost, Adams and 
Lasby, and Merrill with reference more to the bright hydrogen 
lines which undergo variation in structure. From our meas- 
ures of this emission it would appear that it shifts in position 
by an amount corresponding to 40 or 50 km per sec. 


12 CANUM VENATICORUM. 


a=12"51™ 6&=+38° 52’ Mag. 5.4 Type Ap. 


This is the fainter of the pair No. 6313 in Burnham’s Gen- 
eral Catalogue whose distance apart of 20” see:ins to be con- 
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stant. The stars have a common proper motion of 0.257”, and 
thus if the components of the pair should differ appreciably in 
their radial velocities it would suggest a binary character for 
at least one of them. For the brighter star a constant velocity 
of +0 km per sec. may be accepted as the mean of several ob- 
servations at other observatories. For the fainter star here 
dealt with Ludendorff gives a velocity of—0.3 km per sec. be- 
ing the mean of 12 accordant plates, and agreeing well with 
the result for the main star. Our results, however, reveal a 
variable velocity as either the first or second plate, both of 
which have quite and well measurable lines, gives a velocity 
too divergent from the other measures to consider it as 
constant. 


Date. G.M.T. Velocity. Lines. 
1915, May 30.613. —14.8 16 
July 15.616... ~21.0 14 
1917, Feb. 27.884 — 3.6 10 
Mar. 1.8)2......... — 8.0 12 


DOMINION ASTRONOMICAL OBSERVATORY, 
OTTAWA. 
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MEETINGS OF THE SOCIETY 


AT TORONTO. 


March 11.—The Society held its regular meeting in the 
Physics Building of the University of Toronto, at 8 p.m., the 
President, Mr. A. F. Miller, in the chair. 

Mr. A. F. Hunter referred to the death of Mr. Chas. H. 
Armstrong, who was a member of the science club that imme- 
diately preceded the formation of this Astronomical Society, 
and the President also referred in appreciative terms to the 
late Mr. Armstrong and his friendship with Mr. Elvins and 
Mr. Pursey, all of whom were friends of many years’ stand- 
ing, and whose deaths have occurred within a few weeks of 
each other. 

The following were elected members of the Society: 

Miss Jean Goldstick, 480 Manning Ave., Toronto. 

Mr. J. F. Heffron, 160 Bay St., Toronto. 

Prof. Chant spoke of the positions of the planets at the pres- 
ent time, especially Mercury, which he had observed in the 
evening before the meeting, and he showed three large trans- 
parencies of nebulae and a star cluster which the Society had 
received from Dr. Plaskett, Victoria, B.C., taken by the new 
72-inch reflector. 

Mr. J. P. Henderson spoke of the increased activity in sun- 
spots, and Mr. Miller also mentioned that sunspots have been 
more numerous of late. Mr. A. F. Hunter referred to auroras 
seen recently, and a solar halo on Feb. 22, both kinds of phe- 
nomena showing the influence of the increased activity in the 


solar spots. 
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stant. The stars have a common proper motion of 0.257”, and 
thus if the components of the pair should differ appreciably in 
their radial velocities it would suggest a binary character for 
at least one of them. For the brighter star a constant velocity 
of +0 km per sec. may be accepted as the mean of several ob- 
servations at other observatories. For the fainter star here 
dealt with Ludendorff gives a velocity of—0.3 km per sec. be- 
ing the mean of 12 accordant plates, and agreeing well with 
the result for the main star. Our results, however, reveal a 
variable velocity as either the first or second plate, both of 
which have quite and well measurable lines, gives a velocity 
too divergent from the other measures to consider it as 
constant. 


Date. G.M.T. Velocity. Lines. 
1915, May 30.613 —14.8 16 
July 15.616 ~21.0 14 
1917, Feb. 27.884 — 3.6 10 
Mar. 1.8)2 — 8.0 12 


DOMINION ASTRONOMICAL OBSERVATORY, 
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MEETINGS OF THE SOCIETY 


AT TORONTO. 


March 11.—The Society held its regular meeting in the 
Physics Building of the University of Toronto, at 8 p.m., the 
President, Mr. A. F. Miller, in the chair. 

Mr. A. F. Hunter referred to the death of Mr. Chas. H. 
Armstrong, who was a member of the science club that imme- 
diately preceded the formation of this Astronomical Society, 
and the President also referred in appreciative terms to the 
late Mr. Armstrong and his friendship with Mr. Elvins and 
Mr. Pursey, all of whom were friends of many years’ stand- 
ing, and whose deaths have occurred within a few weeks of 
each other. 

The following were elected members of the Society: 

Miss Jean Goldstick, 480 Manning Ave., Toronto. 

Mr. J. F. Heffron, 160 Bay St., Toronto. 

Prof. Chant spoke of the positions of the planets at the pres- 
ent time, especially Mercury, which he had observed in the 
evening before the meeting, and he showed three large trans- 
parencies of nebulae and a star cluster which the Society had 
received from Dr. Plaskett, Victoria, B.C., taken by the new 
72-inch reflector. 

Mr. J. P. Henderson spoke of the increased activity in sun- 
spots, and Mr. Miller also mentioned that sunspots have been 
more numerous of late. Mr. A. F. Hunter referred to auroras 
seen recently, and a solar halo on Feb. 22, both kinds of phe- 
nomena showing the influence of the increased activity in the 
solar spots. 
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Mr. J. R. Collins gave the address of the evening on “For- 
mation of Optical Images.” He described fully the forma- 
tion of images in a camera obscura by using a pin hole aper- 
ture, then described refraction through a glass medium and 
the retardation of light of different wave lengths when pass- 
ing through the medium. Next he described shell-propagation 
of light, the refractive index and the correction of images for 
aberration introduced by Newton. The parabola of revolution 
in the formation of the speculum of a reflector came to be 
applied to the Newtonian telescope, and Herschel afterward 
modified it by deviating the image. The further application 
of the principle of refracting indices and the use of polarized 
light also came under review by the lecturer. 

Prof. C. A. Chant showed by the lantern several photo- 
graphs of nebulae and star clusters, similar to the transpar- 
encies mentioned above, which had recently come to hand 
from Dr. Plaskett, Victoria, B.C., and had been taken with the 
new telescope there, all of which were excellent and had been 
obtained from short exposures, thus increasing the clearness 
of definition in the pictures. 

March 25.—The regular meeting of the Society was held in 
the Physics Building of the University of Toronto at 8 p.m., 
the President in the chair. 

A communication from the American Astronomical Society 
regarding the death of Prof. E. C. Pickering, and the loss that 
astronomy has thereby sustained, was read. 

Mr. A. G. Atkinson, Tilbury, Ont., was elected a member of 
the Society. 

Mr. J. P. Henderson showed two drawings of recent sun- 
spots. 

Mr. A. F. Miller mentioned his observations of Mercury on 
March 19, 21 and 22, noting the whiteness of its color with a 
spot apparent near the middle of the terminator, and on the 
latter date at 7.45 p.m. E. S. T. had found the angular dis- 
tance between Venus and Mercury to be 10° 12.’ On the 24fh 
he had found the angle between the two at 7.35 p.m. to be 
11° 14’. He had noticed auroras at Toronto on March 19 and 
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20, and Mr. A. F. Hunter, in addition to these two, mentioned 
auroras at Barrie on the 21st and 22nd. 

Sir Frederick Stupart gave the address of the evening on 
“Weather Controls.” 

The chief problem to be solved is why weather is so different 
in corresponding seasons of different years. In a former 
address to the Society on April 9th, 1918, the lecturer had 
dwelt upon the four factors that enter into the weather prob- 
lem, viz. : 

1. Position of the sun, i.e. the time of the year. 

2. Geographical position, i.e., latitude, and distance from 
the sea. 

3. Altitude above sea level. 

4. Winds and currents. 

This winter (1918-19) has been the second mildest in To- 
ronto since the beginning of weather-recording in 1830, while 
last winter (1917-18) was the coldest, with two exceptions, 
since 1830, such a wide contrast between the two coming in 
successive winters. 

There is a belt of low pressure in the neighborhood of the 
equator ; then, in latitudes from 25 to 35 north, a belt of high 
pressure. There are centres of low barometer south of Iceland 
and south of the Aleutian Islands which have also a controll- 
ing effect on the weather, by generating moving areas of de- 
pression. The radiation of heat from the land leads to the 
formation of another class of areas, viz., those of anticyclone 
conditions, especially in the months of January and February. 

In addition to these formative causes, the lecturer discussed 
the influence of currents in the ocean, as controlling factors. 
With more definite knowledge, we may become able, accord- 
ing to one authority in meteorological science, to predict 
months ahead what the weather would be. But the lecturer 
was less sanguine as to these possibilities. 

April 8.—The regular meeting of the Society was held at 8 
p.m. in the Physics Building of the University of Toronto, 
the President in the chair. 
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Mrs. Robert Rutherford, 64 Awde St., Toronto, was elected 
a member. 

The Librarian’s monthly report showed that the Society 
had received 44 publications in the preceding month. 

Dr. A. D. Watson spoke of the conjunction of Venus and the 
Moon on April 2nd, which was a beautiful night for observa- 
tion, and the conjunction was a beautiful sight. The earth- 
shine on the moon was striking on that occasion. He had 
found that it is an interesting practice to follow Venus down 
to its inferior conjunction with the sun. On some occasions he 
has succeeded in following the planet down, night after night, 
until it is within two or three hours of the conjunction. At 
such times the planet becomes a thin line of light, in the tele- 
scope. 

Prof. L. B. Stewart gave the address of the evening on 
“The New Navigation.” He introduced the subject with a 
sketch of the history of navigation from the earliest times on 
record. Before the use of the mariner’s compass navigators 
could not venture out of sight of land, except where the trade 
winds blew in a constant direction. On his first voyage to 
America, in 1492, Columbus observed for the first time the 
variation of the compass. The establishment of Greenwich 
Observatory in 1675, with Flamsteed as the first director, was 
an important step for navigation. Prof. Stewart next sketched 
the history of the methods for determining longitude and lati- 
tude. Modern methods may be said to date from the introduc- 
tion of Hadley’s sextant in 1731, and the chronometer in 1735. 
The first publication of the “Nautical Almanac” in 1767 was 
another important step. There have been two great tasks 
accomplished by British navigators—clearing the seas of 
pirates and charting the seas of the world. Capt. Sumner in 
1837 devised a new method which was soon introduced into 
the Navy and Merchant Service, using charts ruled on Mer- 
cator’s projection. By taking two observations of the sun at 
different times, and reducing each twice, using in turn two 
assumed latitudes, two points were thus found in each of two 
lines of position, whose intersection determined the position 
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of the point of observation. A new improvement was made 
about forty years ago by Mare St. Hilaire, a French navigator, 
and is now known as the New Navigation. Using it, by the 
graphical process, Toronto is in Latitude 43° 39’ 48”, and 
Longitude 5 h., 17 min., 34.8 sec., according to calculations 
made by Prof. Stewart, and this agrees very closely with the 
figures obtained from astronomical observations. 

April 22.—The regular meeting of the Society was held at 
8 p.m. in the Physics Building of the University of Toronto, 
the President, Mr. A. F. Miller, in the chair. 

Miss Tena Symons, St. Marys, Ont.; Miss Ada H. Snider, 
Waterloo, Ont., were elected members of the Society. 

Lieut.-Col. H. D. Lockhart Gordon, formerly in command of 
the 4th Canadian Mounted Rifles Battalion until wounded, was 
present, and addressed the Society on the service rendered at 
the front by the telescopes which the Society had supplied to 
the military authorities, the instruments having been re- 
turned to the Society and exhibited at the meeting. 

Col. Gordon thanked the Society for the use of these instru- 
ments, and spoke of the valuable assistance they had rendered 
at the front. Owing to a great shortage of telescopes in Eng- 
land in the early part of the war, they had not been able to 
procure the needed instruments there, so he cabled Mr. Frank 
M. Gray, of Toronto, to secure two or three telescopes for 
observation work in the fall of 1916, and the Society lent its 
Todhunter telescope (2 inch) and Mr. J. R. Collins supplied a 
second instrument. These instruments reached Col. Gordon 
in the fall of 1916, and were in constant daily use from that 
time onward to the end of hostilities. 

The Canadian soldiers had received orders not to remain 
silent, but to make an active campaign at all times. Vimy 
Ridge was the main scene of the Canadians’ work at the time 
the telescopes arrived at the front, and these instruments 
were very useful in distinguishing and locating snipers, sur- 
veying the ground held by the Germans, and directing opera- 
tions. The telescopes were of especial value in preparing for 
the attack on Vimy Ridge. 
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Dr. A. D. Watson, President in 1916, and the chairman, 

acknowledged the thanks offered by Col. Gordon. 
(Further reference to this matter appears on page 251.) 

Mr. S. J. McNight reported having observed a bright meteor 
at midnight April 21-22 in Leo; and Mr. J. P. Henderson re- 
ferred to prominent spots on the sun. 

A. F. HUNTER, 
Recorder. 


AT VICTORIA. 


December 18, 1918.—Dr. J. S. Plaskett described the work 
of the Dominion Astrophysical Observatory and stated that 
the great telescope had exceeded his most sanguine expecta- 
tions. The address opened with a sketch of the process of 
constructing and installing the instrument. By protecting the 
mirror by non-conducting pads the change in focus due to 
change in temperature had been reduced from one-eighth of 
an inch to between one-twentieth and one-fiftieth of an inch. 
The images were extraordinarily clear and crisp. 

The mechanical performance of the telescope had also 
proved its merits. The mounting was of such perfect design 
and construction that the forty-five tons which comprised the 
huge instrument could be moved with ease to follow the motion 
of a stellar body right across the sky. The driving worm of 
the mechanism was so accurate that not the slightest oscilla- 
tion was revealed. In addition, so convenient was the arrange- 
ment that in photographing spectra it was possible to change, 
at the conclusion of an exposure, in from two to three minutes. 
This speed had never been equalled in a large telescope and 
was entirely due to the accuracy of construction and design. 

Describing the work of the telescope, Dr. Plaskett shattered 
the popular illusion that an astronomer spent his time on top 
of a ladder sweeping the heavens in search of “discoveries.” 
The discovering of new comets or stellar bodies was not the 
fundamental function of the telescope, which was intended for 
the work most useful in extending the present knowledge of 
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astronomy. He and Dr. Young, his assistant, were confining 
their efforts to the spectra of stars. All of this work was 
photographic, the spectra of the stars and nebulae being first 
photographed, then measured and reduced to determine their 
radial velocity and whether these stellar bodies were approach- 
ing or receding from the earth. 

The lecturer stated that he was engaged on a list of 800 
stars, of which the spectra would be photographed as soon as 
possible, the work probably requiring four or five years to 
complete. In conjunction with the Mount Wilson Observatory 
he was doing observation work on stars fainter than the fifth 
magnitude. 

In addition to this work the Observatory would undertake 
certain photographic work for the Harvard University, which 
institution has no telescope of greater diameter than 24 inches. 

March 11, 1919.—Dr. R. K. Young lectured on “The Struc- 
ture of the Universe.” 

In opening his address Dr. Young stated that the structure 
of the universe was the fundamental problem of astronomy. 
By taking pictures of stars at intervals it was possible to de- 
termine the distance which they have moved in a certain 
length of time. By means of the spectroscope it was possible 
to tell how fast stars were coming toward the earth or moving 
away. As the result of this knowledge Dr. Young said that 
several things had been ascertained. “First,” the speaker 
pointed out, “it has been found that the sun itself is not at 
rest, but is moving toward the constellation Lyra with a veloc- 
ity of from 10 to 12 miles per second. All the stars may be 
divided into two large groups. One of these groups forms a 
cluster and the other a sheet of stars, a very thick sheet in- 
deed, stretching in the direction of the Milky Way. 

“These two groups of stars as a whole are not at rest, but 
are moving with a high velocity relative to each other. The 
individual stars of course are moving about at random in these 
groups, but in addition the cluster is moving relatively to the 
sheet with a speed of about 23 miles per second.” 
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April 2.—Mr. Napier Denison lectured on “Earth Disturb- 
ances.” The seismograph was installed at Victoria by Mr. 
Denison just twenty years ago. It was first in the old Customs 
House, but in 1914 was moved to Gonzales Hill. After de- 
scribing the instrument reference was made to the earthquake 
of December 6 last, which was described in last month’s 
JOURNAL. Some account was given of the greatest earth- 
quakes recorded in history, and illustrations were shown of 
the effects of these disturbances. In 1918 there were 125 
earthquakes recorded at Victoria. 

Mr. Denison in closing told his audience it has been observed 
that colliery coal gas explosions have some connection with the 
movement of the earth’s crust, and he is now working on the 
matter. In a year or two he expects to be able to make an an- 
nouncement that will aid in lessening the danger to men who 
work underground. 

K. M. CHADWICK, 
Secretary. 


NOTES FROM THE METEOROLOGICAL 
SERVICE 


SUMMARY REPORT OF THE WEATHER IN CANADA 


‘ 


MARCH, 1919. 


Temperature—The temperature was below average from 
the British Columbia Coast to Central Manitoba, thence east- 
ward to the Maritime Provinces it was above average, except 
in the Upper Ottawa Valley and the Lake Temiskaming Re- 
gions, where it was just about normal. The greatest positive 
departures, amounting to about 5°, occurred in some sections 
of Central and Western Ontario, and the greatest negative 
departures, about 7°, in Northern Alberta. 

Precipitation—Precipitation was somewhat above average 
in British Columbia, Southeastern Saskatchewan, Manitoba, 
Ontario and the greater portion of Quebec, while in Alberta 
and Western Saskatchewan it was slightly below. In the 
Maritime Provinces it was above in some districts and below 
in others. In the Western Provinces it consisted almost en- 
tirely of snow, while in Ontario it was mostly rain. There 
were two heavy snowfalls in Quebec, on the 9th and 28th-29th. 

At the close of the month the ground was bare of snow in 
Central and Western Ontario, as it was also in Alberta, West- 
ern Saskatchewan and Nova Scotia. There was a thin cover- 
ing of two to six inches in Eastern Ontario and over a large 
part of Quebec it was from six to twelve inches deep, and in 
the Lake St. John District and toward the Gulf of St. Law- 
rence it was twenty-eight to thirty inches. 
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TEMPERATURES FOR MONTH OF MaRCH, 1919. 


March 
Stations Highest Lowest 
Yukon 
36 -38 
British Columbia 
68 15 
Barkerville .. .. 51 -20 
Kamloops .. ...... 68 -2 
N. Westminster 71 32 
Prince Rupert.. 63 32 
Vancouver ........ 61 27 
Victoria .. ........ 63 32 
Western Provinces 
Battleford ........ 46 —32 
.. ....... 58 -33 
Edmonton .. .... 52 -32 
Medicine Hat .. 58 —32 
Minnedosa .. .... 40 -32 
Moosejaw .. .... 55 
Oakbank .. ...... 37 -29 
Portage la Pr... .... 
Prince Albert .. 42 —26 
Qu’Appelle .. .... 41 —28 
.. ......... 42 -33 
Saskatoon .. .... 39 —29 
39 —26 
Swift Current.. 66 —28 
Winnipeg .. ...... 40 -28 
Ontario 
Agincourt .. .... 53 9 
ee 51 1 
Bancroft .. ....... 56 -9 
Beatrice .. ........ 53 - 8 
Bloomfield .. .... 60 0 
Brantford .. .... 
Chapleau 
Chatham .. ...... 64 15 
Ciisten .. ....... @& 9 
Collingwood .... 
Cottam ... 60 11 
Georgetown .... 56 -5 
Goderich .. ........ 
Gravenhurst 54 -8 
Grimsby .. ........ 57 13 
Guelph .. .......... 
Haliburton .. .... 58 -16 
Huntsville .. .... 55 -10 


Kingston .. ...... 


Markdale .. .... 
North Gowev.... 


Parry Sound .. 
Peterborough .. 
Port Arthur .... 
Port Burwell .. 
Port Dover ...... 
Port Stanley .. 
Queensborough 
Ronville .. ...... 
Southampton .. 
Sundridge . 

Stonecliffe .. 
Stoney Creek .. 
Toronto .. ........ 
Uxbridge .. ...... 
Wallaceburg .. 
Welland . ...... 
White River .. 

Quebec 

Brome .. .......... 
Father Point.... 
Montreal .. _.... 
Quebec .. ........ 
Sherbrooke ..... 


Maritime Provinces 


Charlottetown... 
Chatham .. ...... 
Dalhousie .. .... 


Halifax 


Sydney .. ........ 
Yarmouth .. 
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Lowest 


—25 


| 
March 
: Stations Highest | 
Kenora .. .......... 44 
Kinmount .. ... -23 
5S 3 
Kitchener .. .... 63 10 
London .. ........ 67 12 
; Lucknow .. ...... 64 0 
55 -12 
Oshawa .. ........ 45 14 
; Ottawa .. ........ 50 -8 
66 10 
54 -6 
61 -4 
46 -7 
54 8 
: 52 14 
57 - 6 
54 -10 
62 3 
54 -18 
55 12 
56 7 
58 1 
61 12 
68 10 
48 -36 
59 -16 
50 - 7 
54 
50 -9 
; 58 - 8 
42 0 
48 - 6 
_ Fredericton .... 57 -8 
| 16 
Moncton .. | 
St. John ......... 54 4 
St. Stephen ... 
56 0 
46 8 
66 14 
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EARTHQUAKE RECORDS BY MILNE SEISMOGRAPH. 


P.T.—Preliminary Tremors. S.—Secondary Waves. L.—Large Waves. A. C.—Air Currents, = 
Time is Greenwich Mean Civil Time; it is to be given in hours, minutes and decimals of minutes; : 
0 or 24 h—midnight. 


TORONTO 
Director, SiR FREDERIC STUPART, F.R.S.C. 
No. Date P.T. |S.Comm.| L.W. Max. End Max. Remarks = 
1919 Comm. Comm, Amp. 
h m h m h m h m h m mm. 
1962|March 2! 3 4626) 3 50.7 4 07.8 4 40.1) 6 09.8) 1.8 |Real P. possibly not re- 
4 34.0 Times doubt- 
ul. 
1963) 2} 12 0171/12 09.3) |12 ay 12 45.6) 14 3472) 1.2 |S. fairly large. Times 
12 11.0f |12 37.4 doubtful. 
1964), “ 4 9 18?8 0.05 
1965) “ 9} 3 28.7] 3 41.0 3 are} 4 16.6) 5 39.0) 0.7 [11,920 km. P. very 
10.7 minute, S. fairly large. 
1966} “ 16 8 47.6 9 20.8; 0.1 |Gradual thickening. 
1967} 17 8 31.8 8 37.1) 0.05 
1968} “ 19 2 42.9 2 44.4) 2 55.4) 0.3 |Gradual thickening. 
May not be seismic. 
1969} ‘ 21 17 00.5) | 17 13.3 0.9 |Merged into next 
17 03.0 f quake. 
1970} “* 21 18 37.8 18 44.1) 19 02.7) 0.2 j|A dual eq. 
1971; ‘ 26 10 50.4 10 54.4) O.1 


Boom period 18 seconds. Pillar inclination 1 mm.=0’'.45. 


VICTORIA, B.C. 


Superintendent, F. NAPIER DENISON. 


No. Date Pp... S. Comm. L.W. Max. End | Max. Remarks 

} 1919 Comm. Comm. Amp. 

| hm s hm s hm s hm s hm s mm. 
1964|March 2) 3 50 46 3 58 38 4 10 27 4 21 46 618 19 0.8 | 6290 km 
1965) 2} 12 09 OO | 12 16 22 | 12 26 46 | 12 40 28 | 14 22 16 2.0 | 5730 km 
1966) ‘* 4) 9203 45 9 12 36 9 27 41 0.2 
1967) 9| 3 50 34 3 57 O01 4 04 28 4 12 53 5759 OO 0.5 | 4720 km 
1968} ‘“* 21) 16 24 39 | 16 31 32 | 16 42 50 | 16 54 09 | 17 13 50 2.5 | 5190 km 
1969; ‘“ 21; 18 04 59 | 18 11 22 | 18 21 12 | 18 35 28 | 18 47 16 0.2 | 4640 km 
— = 22 17 02 37 | 17 O08 31 | 17 22 47 0.3 | 


Period of boom 18 seconds. Pillar inclination 1 mm. =0’.54. 


VERTICAL SEISMOGRAPH. 


| | 
|March 2 4 17 20 1 
‘es 2 12 40 30 3 

ny 21) 16 44 00] 16 48 35 4 


| 
| 
re. 
| | 
—— 
| 
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MAGNETIC DISTURBANCES. 
MARCH, 1919. 


The principal magnetic disturbances which occurred during 
the month of March at Agincourt and Meanook Observator- 
ies are given in the accompanying table: 


Range. 
75th Meridian Time Agincourt. Meanook. 
Beginning. Ending. D H Z 
h h ¥ 
March 15, 13 March 17, 9 50.0 255 124 92.4 
3 9 23, 19 89.0 630 412 171.0 
7 3 56.0 325 231 146.9 


The most important of these, both as to magnitude and dur- 
ation, was the storm from the 19th to 23rd. In declination the 
departures from normal were chiefly during the night hours 
when the needle was carried rapidly to the eastward, in a suc- 
cession of sharp vibrations. In H during the afternoon of the 
19th the force gradually increased to a small maximum about 
16 hours, then oscillated about its mean position until 16 hours 
of the 20th, when it increased with extreme rapidity to its 
chief maximum at 17h, 7m, and then just as rapidly decreased 
to about normal. During the night of the 20th, in a success- 
ion of rapid movements, the H force gradually reached its 
minimum value, after which it oscillated about its mean value 
in moderately rapid movements of small amplitude. The 
changes in Z were generally not so pronounced as in the H. 
During the afternoon of the 19th Z force increased slowly and 
diminished slowly during the night. A second increase began 
about 8 hours of the 20th continuing to about 16 hours, when 
a rapid increase of 274, occurred. This was followed by a 
series of slow swings with a gradual loss of force until a 
minimum was reached at 3h 50m of 21st. On the 21st, 22nd 
and 23rd the Z gradually increased during the day and dimin- 
ished during the night. 

Brilliant auroras were reported from all parts of Canada 
from the 19th to 22nd, and faint ones during the first week and 
last few days. 


Sunspot activity was quite pronounced throughout the 
month. 
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ASTRONOMICAL NOTES 


TELESCOPES WHICH ‘Dip THEIR BIT.” 


In the JOURNAL for March, 1917, was printed correspon- 
dence regarding some telescopes which the Society had sup- 
plied in the autumn of 1916 to the 4th Canadian Mounted 
Rifles, a Toronto battalion in France. When they were loaned 
few expected to see them again, but after doing good service 
for almost two years two of them actually were “repatriated” 
and were a source of interest at a recent meeting of the So- 
ciety. Upon them are engraved the honors won as follows: 
“Vimy, Passchendaele, Amiens, Arras, Cambrai, Mons, 
C.M.R.B. Overseas.” 

The following letters from the successive commanding offic- 
ers of the battalion will be read with interest: 


Toronto, 7th August, 1918. 
J. R. EsqQ., 


Toronto. 
DEAR SIR:— 

In the year 1916 you were kind enough to obtain for my battalion 
several telescopes which reached me safely in France, and which I 
acknowledged at the time. 

On my return to Canada, in talking over the great benefit these tele- 
scopes had been to the battalion, some of my friends suggested that you 
would be interested in hearing of what great use the telescopes had been 
in enabling us to locate the enemy’s positions. 

When the telescopes arrived I turned them over to the scout officers 
of the battalion who prepared an observation post which they protected 
by means of iron girders and sand bags with loop holes (camouflaged so 
as to prevent the location of the observation post by the enemy), and 
from where they were able to observe with the use of the telescope every 
movement of the enemy. This post was manned during daylight by two 
of our scouts with a map of the enemy’s trenches, a board prepared 
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Inscription 


4th C.M.R. "Overseas 


Vimy 
Passchendaele 
Amiens 
Arras 


Cambrai 


Mons 


Telescopes supplied by the Royal Astronomical Society of Canada to a 
Toronto Battalion in France, with battle honors inscribed upon them. 
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with lines laid out on compass bearings giving the radius the telescope 
could be used for, and when any movement was located this was at once 
plotted on the map and the angles and estimated range given to the 
artillery. 

As an example of how useful this method proved, a trench mortar 
which had been bothering us for weeks and which no one could locate 
was absolutely plotted in a certain position in the enemy’s lines, and 
with the help of the aeroplane maps the exact position was arrived at. 
The artillery undertook to shoot up the trench mortar, and from the in- 
formation we were able to give them, put it out in the first few rounds; 
saving us a tremendous amount of annoyance, the lives of a number of 
our men, and preventing them from knocking our trenches about with 
the trench mortar. 

We were also able to locate from the fiashings of the guns at night 
certain of the enemy’s artillery positions. 

The telescope was also used to a great extent in locating enemy snip- 
ers who, when found, were taken to by our snipers with good results. 

The scout officers and scouts were most enthusiastic about the tele- 
scopes, and on numerous occasions staff officers and artillery officers 
asked permission and were allowed to use them. 

We carried them into the line every time we took up a new position, 
and they were brought out during the periods of rest. When I left the 
battalion I left them in charge of the Colonel who succeeded me, Lt.-Col: 
W. R. Patterson, D.S.O., and the scout officers, and they assured me they 
would do everything in their power to safeguard them and return them to 
you after the war, if possible. Of course, you will realize it is impossi- 
ble to give an absolute guarantee that they will be returned. Apart 
from the possibility that they may be destroyed by the enemy there is 
always the chance that in a hurried retreat or advance they may be 
lost, although when we expected anything of that sort we took the pre- 
caution of not taking them into the line. 

I wish again to thank you for your great kindness in lending us these 
telescopes, and to assure you they have more than done their share in 
helping to destroy not only the Boche, but his weapon of attack. 

Yours faithfully, 
H. D. LocKHART GorRDON, 
Late O. C. 4th C.M.R. 
4th C. M. R. Bn., 


5-4-19. 
Royal Canadian Astronomical Society, Toronto, Ont.: 

Through your kindness three telescopes were sent this battalion in 
1916. Since their arrival in France they have “served” through all the 
engagements and on all the front where the unit has been, in fact have 
been in continuous use by the observers of cur scout section. 
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Our scout section has been complimented on their observation reports 
many times by the higher commands, and to these instruments consider- 
able of the credit has been due. They have been invaluable to us. 

One of the three telescopes was a casuality during the Arras “show,” a 
direct hit by an enemy shell, and completely destroyed. It is regretted 
that it cannot be returned. 

Will you please accept the sincere thanks of all ranks of the battalion 
for their use during the past years. 

I am returning herewith the telescopes with their battle honors in- 
scribed. 

Gratefully, 
(Signed), W. R. PATTERSON, 
Lieut.-Col. Commanding 4th Canadian Mounted Rifles Bn. 


It might be added that when the request came for telescopes 
Dr. Watson, Professor Chant and several others volunteered 
to supply three-inch instruments, but the officer who came to 
inspect them thought that anything above two inches in aper- 
ture would be too cumbersome to be used successfully under 
the conditions prevailing at the front. 

J. C. 
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NOTES AND QUERIES 


Communications are Invited, Especially from Amateurs, The Editor 
will try to Secure Answers to Queries 


ASTRONOMICAL AND CIVIL TIME. 


In The Observatory for August, 1917, was a letter signed 
by Astronomer Royal Dyson and Professor H. H. Turner, in 
which was revived the proposal to begin the astronomical day 
at midnight, and thus make it coincide with the civil day bear- 
ing the same date. The matter was referred to in this 


JOURNAL for November, 1917. As there stated, a committee - 


of the Canadian Institute and the Astronomical and Physical 
Society of Toronto (now known as the Royal Astronomi- 
cal Society of Canada) under the chairmanship of 
Sir Sandford Fleming, conducted an agitation for the unifica- 
tion of civil, astronomical and nautical time; but on account 
of the opposition of one or two important astronomical officials 
the desired reform was not then made. 

However, within the last eighteen months the question has 
been widely discussed, and it has now been decided to make 
the change beginning in the Nautical Almanacs for 1925. Noon 
of January 1, 1925, will be the middle of the astronomical day, 
instead of the beginning of it. 


THE LATE CHARLES H. ARMSTRONG. 


(By A. F. Hunter.) 


The sudden death of Charles H. Armstrong on March 4th re- 
moved one of the few remaining links between the workers in 
science of a generation ago in Toronto and the scientific work- 
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ers of to-day, as he had been, thirty years ago, an active mem- 
ber of the Royal Canadian Institute and the Science Club that 
immediately preceded the present Royal Astronomical Society 
of Canada. He had been more especially interested in the 
Natural History department of the Science Club, but continued 
to be a frequent attendant at meetings of the Royal Astronomi- 
cal Society until failing health in recent years forced him to 
be absent. 

Charles Heron Armstrong was born of English parentage 
at Bombay, India, October 10, 1841. His father, a British 
soldier, died at the close of the Indian Mutiny, 1857-8, near 
Lucknow, and he soon returned to the native English soil of 
his parents. On coming later to Canada, he was for some 
years the practical assistant to Dr. Thomas Kirkland in the 
science department at the Toronto Normal School. He made 
a special study of biology and became a skilled microscopist, 
adding also the art of the photographer to his acquirements 
at a time when this art was less universal than now. 

Afterward, he visited the West Indies and also spent some 
time in British Guiana. At Georgetown, Demerara, where he 
made a stay to study tropical nature in its profusion, he met 
James Rodway, Curator of the Museum, author of “In the 
Guiana Forest,” and other interesting scientific books on 
British Guiana, and he became much interested in Mr. Rod- 
_ way’s biological work. He also became familiar with the 
sugar industry and its manufacture, and amongst many curi- 
osities of that region he had an acquaintance with 18 different 
species of mosquitoes. 

Mr. Armstrong had long since ceased to recognize German 
scientists as authorities, and deplored their method of over- 
specialization in particular lines—working a whole lifetime, 
for example, on the antennae of beetles, or the eyes of some 
insect genus. He regretted the cramping and narrowness 
which such a method brings about, and he advocated broader 
methods in biological study, for everyone, and, indeed, less 
narrow lines in every other branch of knowledge. 
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The recent deaths of his early co-workers in science—An- 
drew Elvins and George G. Pursey—were losses that grieved 
him very deeply and he soon afterward followed them to the 
tomb. The life of a self-educated man like Mr. Armstrong, who 
had read widely in general literature, especially in scientific 
subjects, is always a pleasant one to review. Although he had 
given more especial attention to biological subjects than to the 
branch of science to which this JOURNAL is devoted, he had a 
good general knowledge of astronomy and was familiar with 
its main outlines. 


THE PARIS FOOT IN QUEBEC. 


In some of our newspapers a short time ago reference was 
made to legislation introduced into the House of Commons 
providing for a change in the definition of the “Paris 
foot” as used in Quebec. I presume few people were aware 
that any “foot” other than the ordinary English measure was 
legalized in Canada; and on writing to Mr. G. Blanchard 
Dodge, of the Department of the Interior, Ottawa, asking for 
information, he kindly supplied the following: 

Section 17 of the Weights and Measures Act reads as fol- 
lows: 

In the province of Quebec, the measures of length and superficies for 
all lands comprised in those parts of the province originally granted 
under the seigniorial tenure, shall be French measures, the ratio and 
proportion of which shall be to the Dominion standard measures as fol- 
lows, that is to say: 

(a) The foot, French measure or Paris foot, shall be held to contain 
twelve inches and seventy-nine hundredths of an inch, standard meas- 
ure; 

(b) The arpent, when used as a measure of length, shall be one hun- 
dred and eighty French feet; and when used as a measure of superficies, 
shall contain thirty-two thousand four hundred square French feet; and 
the perch, as a measure of length, shall contain eighteen French feet; 
and as a measure of superficies, three hundred and twenty-four square 
French feet; 

Provided, that the provisions of this section shall apply only to terri- 
torial measurement; and the French measures toise and aune shall not 
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be used as standard measures, but the Dominion standard yard, as here- 
inbefore described shall be used instead thereof.—R.S., c. 104, s. 12. 


This Act was formerly administered under the Department 
of Inland Revenue; it was last year transferred to the De- 
partment of Trade and Commerce. The Hon. A. K. Maclean, 
acting Minister of Trade and Commerce, introduced a Bill 
(42) in the House this session making some amendments to 
the Weights and Measures Act. One of these amendments 
was the change at the request of the Association of Provincial 
Land Surveyors of Quebec of the statute length of the “toise” 
or French foot from 12.79 inches to 12.789 inches. The Bill 
was given its first reading on the 28th March. 

C. A C. 
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